WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




PCT 

INTEEINATIONAL APPUCATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) Intnmtioiial Patent Classtfication ^ : 
C02F1/76 



Al 



(11) Intematioiial Publication Number: WO 99/55627 

(43) International Publication Date: 4 November 1^9 (04.1 L99) 



(21) International Application Number: PCt/US99/08549 

(22) IntematioDal Filing Date: 19 April 1999 (19.(H.99) 



(30) Priority Data: 
09/069,653 



29April 1998 (29.04.98) 



US 



(71) AppUcant: NALOO CHEMICAL COMPANY [US/US]; One 

Nalco Center, Naperville, IL 60563-1 1 98 (US). 

(72) Inventors: YANG, Shunong; 1708 Warblo: Drive, Naperville, 

XL 60565 (US). McCOY. Williain. F.; 735 Thomapple 
Drive, Naperville, BL 60540 (US). 

(74) Agent: KEEPER, Timothy, J.; Udas & Pany, 224 S. Michigan 
Avenue, C^iicago, IL 60604 (US). 



(81) Designated States: AE, AL, AM, AT, AU. AZ, BA. BB, BG, 
BR, BY, CA, CH, CN, CU, CZ, DE, DK, EE, ES, FI, GB, 
GD. GE, GH, GM. HR. HU, ID. IL, IN. IS. JP, KE, KG. 
KP, KR. KZ. LC. LK, UL, LS. LT, LU. LV. MD, MG. MK, 
MN, MW. MX, NO, NZ. PL, PT, RO. RU, SD. SE, SG, SI, 
SK, SL, TI. TM, TO. TT, UA, UG. UZ, VN, YU, ZA. ZW, 
ARIPO patent (GH, GM. KE. LS, MW, SD. SL. SZ. UG. 
ZW), Eurasian patent (AM, AZ, BY. KG, KZ. MD. RU. TJ, 
TM), European patent (AT, BE, CH, CY, DE, DK. ES, FI, 
FR, GB, GR, IE. FT. LU, MC. NL, PT, SE), OAPI patMt 
(BF, BJ, CP, CG, a, CM, GA, GN, GW. ML, MR, NE. 
SN. TD, TG). 



Published 

With international search report. 



(54) TiUe: STABLE OXIDIZING BROMINE FORMULATIONS. METHODS OF MANUFACHTJRE THEREOF AND METHODS OF 
USE FOR MICROBIOFOULING CONTROL 

(57) Abstract . 

Stable oxidizing biocide fomiulations containing bromine are provided for biofouling control in industrial water systems. The 
fomiulations contain at least one stable oxidizing bromine compound that is prepared from at least one oxidizing chemipal reagent,^ at 
least one bromine source and at least one bromine or halogen stabilizer. The resulting products arc a mixture of stable oxidizing bromine 
compounds that can be used as a primary or secondary biocide in an industrial water system. 



FOR THE PURPOSES OF INFORMAIION ONLY 



Codes used to identiiy States party to the PCX on the front pages of pamphlets publishing international applications under the PCT. 



AL Albania BS Spain 

AM Annenia FI Finland 

AT Austria France 

AU Australia GA Gabon 

AZ Azcibaijan GB United Kingdom 

BA Bosnia and HCTzegovina GE Gcoigia 

BB Baitados GH Ghana 

BE Belgium GN Guinea 

BF BurldnaFaso GR Greece 

BG Bulgaria HU Hungary 

BJ Benin ^ Ireland 

BR Braal Israel 

BY Belarus IS Iceland 

CA Canada IT Italy 

CF Central African Republic JfP Japan 

CG Congo KE Kenya 

CH Switzerland KG Kytgyzstan 

CI COtcd'IvcmB KP Demociatic People's 

CM Camffoo" Republic of Korea 

CN China KR R^ublic of Korea 

CU Cuba KZ Kazakstan 

CZ Czech Rq)ubUc LC Saint Lucia 

DE Germany U Liechtenstein 

DK Denmaric LK Sri Lanka 

EE Estonia Uberia 



LS 

LT 

LU 

LV 

MC 

MD 

MG 

MK 

ML 

MN 

MR 

MW 

MX 

NE 

NL 

NO 

NZ 

PL 

PT 

RO 

RU 

SD 

SE 

SG 



Lesotho 

Lithuania 

Luxembourg 

Latvia 

Monaco 

Republic of Moldova 

Madagascar 

The finnier Yugoslav 

Republic of Macedonia 

Malt 

Mongolia 

Mauritania 

Malawi 

Mexico 

Niger 

Nedieilands 

Norway 

New Zealand 

Poland 

Portugal 

Romania 

Russian Federation 
Sudan 
Sweden 
Singapore 



SI 


Slovenia 


SK 


Slovakia 


SN 


Senegal 


SZ 


SwazilaiKi 


TD 


Chad 


TG 


Togo 


TJ 


Tajikistan 


TM 


Turkmenistan 


TR 


Turkey 


TT 


Trinidad and Tobago 


UA 


Ukraine 


U6 


Uganda 


US 


Unfted States of America 


uz 


Uzbekistan 


VN 


Viet Nam 


YU 


Yugoslavia 


ZW 


Zimbabwe 



wo 99/55627 



PCT/US99/08549 



"STABLE OXIDIZING BROMINE FORMULATIONS, 
METHODS OP MANUFACTURE THEREOF AND METHODS OF 
USB FOR MICROBIOFOULING CONTROL" 

BACKGROUND OP THE INVENTION 

The present invention relates to formulations used 
in biqfouling control in industrial water systems. More 
specifically, the present invention relates to methods of., 
preparing stable oxidizing bromine formulations and their 
use In biofouling control in industrial water systems. 

Ozone is known to be an effective biocide and is 
used to control biofouling in various industrial water 
applications. However, ozone is also very reactive with 
other water treatment chemicals such as corrosion and 
scale inhibitors. .As a result, it is difficult to 
maintain a residual ozone concentration in a system 
thereby substantially reducing the effectiveness of ozone 
as a biocide. 

In an effort to. overcome the deficiencies of ozone, 
the combination of ozone and bromine has been used. One 
method utilizes ozone activated hypobromite to increase 
the biocide residual concentration in the system and tfo 
reduce the reaction of ozone with other water treatment 
chemicals. However, bromine species such as OBr-, HOBr 
and are produced and are all both unstable and 
aggressive against water treatment chemicals as well. 

Methods of generating stabilized hypobromite for use 
at levels of less than 100 ppm as a secondary 
disinfectant during water ozonation are also known. The 
ozonation processes are carried out at a pH of about 8.5. 
Compounds used to stabilize the hypobromite include 5, 5- 
dimethylhydantoin and succinamide. 

Thus, while bromine compounds such as hypobromite 
have been used as secondary disinfectants or have been 
generated for on-site use withqut concern for 
stabilization of the bromine, to date, there has been 
only one successful method for providing oxidizing 
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bromine formulations that are stable and that can be used, 
for biofouling control. Therefore, methods of generating 
higher concentrations of stable oxidizing bromine 
formulations in a safer manner are needed so that such 
stable oxidizing bromine formulations can be combined 
with ozone and be an effective biofouling control system. 
SUMMARY OF THE INVENTION 

Tlie present invention satisfies the aforementioned 
needs by providing a method of generating a stable 
oxidizing bromine compound and an aqueous biocide 
solution containing a stable oxidizing bromine 
formulation. The method of the present invention can be 
used to generate stable oxidizing bromine compounds and 
aqueous solutions containing stable oxidizing bromine 
compounds for use in biofouling control in industrial 
water systems . 

In an embodiment, the method of the present 
invention for generating at least one stable oxidizing 
bromine compound in an aqueous solution includes the 
steps of providing a solution comprising an alkali or 
alkaline earth metal bromide and a halogen stabilizer 
selected from the group consisting of R-NH2/ R-NH-R , R- 
SO2-NH2, R«-S02-NHR\ R-CO- NH2, R-CO-NH-R^ and R-CO-NH-CO-R' 
wherein R is a hydroxy group, an alkyl group or an 
aromatic group and R^ is an alkyl group or an aromatic 
group, followed by the step of adjusting the solution to 
a pH ranging from 4 to 8, followed by the step of adding 
an oxidizer to the solution. 

In an embodiment, the method further includes the 
step of adjusting the solution to a temperature ranging 
from about 0« to about 60°C, preferably from about 4*'C to 
about 21°C, after the oxidizer is added to the solution. 

In an embodiment, the method of the present 
invention further includes the step of adjusting the pH 
"of the solution to a range of greater than 13 after the 
oxidizer is added to the solution. 
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In an embodiment, the oxidizer is ozone. 
In an embodiment, the alkali or alkaline earth metal 
bromide is NaBr. 

In an embodiment, the step of adjusting the pH of 
the solution prior to the addition of the oxidizer 
further comprises adjusting the pH to a level of about 7. 

In an embodiment, the present invention is a method 
of treating an industrial water system with a stable 
oxidizing bromine compound. The method includes the 
steps of providing a vessel, providing a solution 
comprising an alkali or alkaline earth metal bromide and 
a halogen stabilizer selected from the group consisting 
of R-NH2, R-NH-R\ R-SO2-NH2, R-S02-NHR\ R-CO-NH2. R-CO-NH- 
R^ and R-CO-NH-CO-R^ wherein R is a hydroxy group, an 
alkyl group or an aromatic group and R^ is an alkyl group 
or an aromatic group, followed by the step of adjusting 
the pH of the solution to a range from about 4 to about 
8, followed by the step of injecting a gaseous oxidizer 
into the solution to produce stable" oxidizing bromine 
compounds, followed by the step of adding the solution to 
an industrial water system for biofouling control. 

In an embodiment, the method of the present- 
invention further includes the step of adding gaseous 
oxidizer to the industrial water system upstream of a • 
point where the stable oxidizing bromine compound is 
added to the system. 

In an embodiment, the present invention provides a 
method of treating an industrial water system with a 
primary biocide and a secondary biocide for biofouling 
control. The method includes the steps of providing a 
solution in a first vessel, the solution comprising an 
alkali or alkaline earth metal bromide and a halogen 
stabilizer selected from the group consisting of R-NK2/ R- 
NH-r\ R-SO2-NH2, R-S02-NHR\ R-CO-NH2, R-CO-NH-R^ and R-CO- 
NH-CO-R^ wherein R is a hydroxy group, an alkyl group or 
an aromatic group and R^ is an alkyl group or an aromatic 
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group, the solution further having a pH ranging from 
about 4 to about 8, followed by the step of adding a 
gaseous oxidizer to the solution in the first vessel, at 
least some of the gaseous oxidizer reacting with the 
alkali or alkaline earth metal bromide and wherein at 
least some of the gaseous oxidizer has not reacted with 
the alkali or alkaline earth metal bromide and halogen 
stabilizer to serve as a supply of unreacted gaseous 
oxidizer, followed by the step of adding the unreacted 
gaseous oxidizer to the industrial water system as the 
primary biocide, followed by the step of adding the 
stable oxidizing bromine compounds to the industrial 
water system as the secondary biocide. 

In an embodiment, the method further comprises the 
steps of transferring the solution to a second vessel and 
thereafter increasing the pH of the solution to a level 
greater than 13 so as to stabilize the hypobromite 
solution thereby extending its useful life thereby 
permitting the operator to add the solution to the 
industrial water system on an "as needed" basis. 

In an embodiment, a method of the present invention 
provides a method of generating at least one stable 
oxidizing bromine compound, the method includes the steps 
of providing a solution comprising an alkali or alkaline 
earth metal bromide and a halogen stabilizer selected 
from the group consisting of at least one sulfamate and 
sulfonamide, followed. by the step of adjusting the pH of 
the solution to a range from 4 to 8, and followed by the 
step of adding an oxidizer to the solution selected from 
the group consisting of ozone, hydrogen peroxide and 
peracetic acid. 

It is therefore an advantage of the present 
invention to generate a stable oxidizing bromine solution 
in a safe and efficient manner whereby no bromine fumes 
are generated. 
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It is another advantage of the present invention to • 
generate stable oxidizing bromine compounds in a limited 
number of steps without the need for a separate step for 
the hypobromite generation. 

Another advantage of the present invention is that 
it provides stable oxidizing bromine compound in a high 
concentration without a direct use of a concentrated form 
of unstabilized bromine. 

Still another advantage of the present invention is 
that it provides a method for generating stable oxidizing 
bromine compounds without unwanted by-products such as 
high levels of bromate . 

Still another advantage- of the present invention is 
that the method of the present invention does not 
generate chloride and therefore the method of the present 
invention provides stable oxidizing bromine formulations 
that are less corrosive. 

Yet another advantage of the present invention is 
that it provides stable, oxidizing' bromine compounds that 
are safer to transport. 

Still another advantage of the present invention is 
that it generates very little bromate. 

Yet another advantage of the present invention is 
that it generates stable oxidizing bromine compounds for 
biof ouling control that are more compatible with other 
water treatment* chemicals. 

And another advantage of the present invention is 
that the stable oxidizing bromine compound provided can 
be used as either sole biof ouling control agents or as 
secondary biof ouling control agents. 

Another advantage of the present invention is that 
it provides an improved method of microbiofouling 
control in pulp and paper processing systems. 

Another advantage of the present invention is that 
it provides an improved method of microbiofouling control 
in a food processing system. 
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Yet another advantage of the present invention is 
that it provides improved microbiof ouling control in a 
beverage processing system. 

Still another advantage of the present invention is 
that it provides improved microbiofouling control in a 
recreational water system. 

And another advantage of the present invention is 
that it provides an improved method of disinfecting a 

hard surface. 

Other objects and advantages of the present 
invention will be apparent upon a review of the following 
detailed description and appended claims. 
BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 illustrates schematically an apparatus for 
generating stable oxidizing bromine compounds for use in 
an industrial water system. - 

DETAILED DESCRIPTION OF THE 
pPTgfiEyiTI.Y PPETTERRBD EMBODIMENTS 

The present invention provides a plurality of 
formulations and methods for generating a wide 
concentration of stable oxidizing bromine compounds that 
can be used as primary or secondary biofouling control 
agents in cooling water and other industrial systems. 
While ozone is discussed as an example oxidizer for the 
methods described herein, it will be noted that other 
oxidizers such as peroxides, peracetic acid and other 
peroxygen compounds can also be used as an oxidizer or 

primary oxidizer. 

When using ozone as an oxidizer, the stable 
oxidizing bromine compound products are formed. by 
directly ozonating a mixture solution of a sodium bromide 
and a sodium sulfamate (or other primary or secondary 
amines, or amides which are stable in an ozone 
environment) at an optimal pH range. In the formulation. 
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ozone serves as the oxidizer, bromide salt as the bromine . 
source, and sulfamate as the oxidizing bromine 
stabilizer. In the pre-ozonation solution, bromide and 
sulfamate are added in equal molar amounts. The pH of 
the solution is adjusted by the addition of caustic 
(sodium hydroxide) or acid. The optimal solution pH for 
the process ranges from 4 to 8. 

Without being limited by theory, the reaction 
mechanism is believed to be the following sequential 
chemical reactions : 
Br- + O3 > BrO- (1) 

BrO- + -SO3NH2 > -SOjNHBr, -SOjNBrj and other 

oxidizing bromine compounds (2) 

The second reaction starts as soon as trace amounts • 
of hypobromite are generated in the first reaction. It 
is known that unstabilized hypobromite is very corrosive 
and more- volatile than stabilized hypobromite. The in- 

situ stabilization process described herein minimizes the 

loss of hypobromite by chemical decomposition and 
physical evaporation. In addition, one of the major 
decomposition by-products of hypobromite is bromate. It 
has been confirmed that methods practices in accordance 
with the present invention produce no detectable bromate 
(or less than 50 ppm of bromate in 5.2% stabilized 
hypobromite product) . 

As a result, a higher ozonation efficiency is 
achieved when the stabilizer is added when compared to 
conventional bromide ozone conversion. Further, no 
significant bromine loss occurs with the addition of the 
stabilizer after long-term ozonation of up to 30 hours. 
Further, the sulfamate is not degraded by the ozone. The 
step of lowering the pH to a range from 4 to 8 prior to 
the oxidation is important. At pH levels of greater than 
8, OH radicals formed are much more reactive and 
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undiscriminative than ozone. As a result, at pH levels 
greater than 8, OH radicals formed from ozonation will 
react with sulfamate and stable oxidizing bromine 
compounds which result in no stable oxidizing bromine 
compounds formation. Table 1 illustrates the dependence 
of stable oxidizing bromine compounds formation on 
reaction pH and product concentration with ozonation 
time. Table 2 illustrates the relationship between 
stable oxidizing bromine formation and ozonation time. 
As shown in Table 1, no stable oxidizing compounds are 
formed until the reaction pH is lowered below 8. This 
phenomenon was previously unknown. 

Table 1. Ozone activation and in-si tu stabilization 



Ozonation time 
(min) 


Concentration of 
stable oxidizing 
bromine product (PPM 
as CI ) 


pH of the solution 


5 


7.1 




15 


9.5 




25 


8.2 




35 
45 


130.4 
1318 




60 
120 
180 


3980 

1 12360 
1 23340 


7.42 
5.68 
5.38 



Table 2. Formation of stable oxidizing bromine 
ozonation. 



compounds by 



Ozonation time (hr) 



Product Concentration 

(% as Cl ) 

' 1.703** 



2.912*= 
3.685*= 



4.845^ 
5.240^ 



5.820^ 
6.124^ 
6.280^ 



10 



6.386'= 



a concentration measured by KI-DPD titration 

b concentration measured by Kl-thiosulfate titration 

Although a low pH (4-8) is optimal for product 
formation when ozone is used as the oxidant, thermal 
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Stability of the stable 'oxidizing bromines decreases as 
pH decreases. As a result, it is important to maintain 
the high reaction pH^and low reaction temperature 
(optimally 4**C to 21°C) and to thereafter adjust the 
product pH up to a level greater than 13 once the process 
is complete. These additional steps insure the long-term 
stability of the product as it is believed that the 
product will undergo decomposition at elevated 
temperatures and/or low pH in accordance with the 
following reaction: 

HSOaNH-Br, HSOaNBrj, and other stable oxidizing 

bromines > + SO^^ + Br' (3) 

In an embodiment, a direct field of process for on- 
site generation of stable oxidizing bromine compounds. 
Again, ozone is used as an oxidant because it is used 
extensively in field operations. Ozonators like that 
shown at 11 in Figure 1 are found at many application 
sites. Ozone is supplied from the generator 11 through 
the reactor 12 and is .injected in the system stream 13 
through the conduit 14 as the primary biocide. The 
reaction vessel 12 already includes a solution of alkali 
or alkaline earth metal bromide, a halogen stabilizer 
which may be, sulf amate and a pH ranging from 4 to 8 . 
Ozone may be recycled back into the . reactor 12 through 
the return line 15 . The ozonation time required for 
complete conversion can be predetermined or measured with . 
a color wheel since the available halogen concentration 
linearly correlates with light absorption from 4 00 to 600 
nm, preferably measured at 460 nm. The stable oxidizing 
bromine compounds may then be transferred from the 
reactor 12 to the storage vessel IG, where it can be added 
to the water stream 13 through the valve 17 on an "as- 
needed" basis. 
Example I 
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By way of example, a synthesis of stabilized 
oxidizing bromine compound can be carried out as follows. 
14.4 grams of 50% aqueous NaOH, 17.47 grams of sulfamic 
acid, 41.4 grams of 45% aqueous sodium bromide and 26.99 
grams of water are mixed in a 250 ml graduated cylinder. 
The pH of the solution is about 7.0. Ozonation is 
carried out by bubbling ozone gas through a fritted glass 
extended to the bottom of the cylinder. A PCI ozonator 
(Model GL-1, maximum ozone output: 454 grams/day) was 
used for ozone generation and operated at 75% output 
capacity with about half of the gas flow going to the 
cylinder. After 7 hours of ozonation, the solution pH 
was measured at 5.6. Then, sodium hydroxide was added 
slowly to the solution to raise the pH to 13.3. The 
final volume of the solution was about 60 ml. The 
available halogen concentration was determined to be 
12.85% as Br2 by potassium iodide-thiosulf ate titration. 
Example II 

By way of another example, 7.24 grams of 50% aqueous 
NaOH, 8.75 grams of sulfamic acid, 20.68 grams of 45% 
aqueous sodium bromide and 63.31 grams of water were 
combined in a 250 ml graduated cylinder. The solution pH 
was adjusted to 7 by dropwise addition of additional 
sodium hydroxide solution. Ozonation was carried out by 
bubbling the ozone through a fritted glass extended to 
the bottom of the cylinder using a PCI ozonator operated 
at 15% output capacity. After 10 hours of ozonation, the 
total residual oxidant concentration of the resulting 
solution was determined by potassium iodide-thiosulfate 
titration- to be 14.38% as Br,. It was calculated- that 
more than 98% of the bromide was converted and overall 
ozonation efficiency for- the entire time span was 
estimated to be at 28.5%. Table 2 shows that the product 
concentration increases with ozonation time. 
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By way of another example, using the apparatus 
illustrated in Figure 1 for a 100,000 gallon cooling 
water system, a 1814 grams/day ozonator is utilized. 
Ozone generated from the ozonator is introduced into the 
bottom of the reactor 12 through a.diffuser (not shown). 
The 5 liter reactor 12 is filled with a mixture of 389 
grams of NaBr, 440 grams of sulfamic acid, 302 grams of 
50% aqueous NaOH and 2 liters of water. The pH of the 
mixture is adjusted to 7 with either NaOH or HCl . The 
unreacted ozone will be collected at the top of the 
reactor 12 and introduced into the water stream 13 as the 
primary biocide. For a 24 hour continuous ozonation and 
at a 10% ozonation efficiency and at a 100% bromine 
conversion, 268 grams (as CI2) of stable oxidizing bromine 
is generated in the reactor 12. The generated product is 
then pumped into the cooling water system flow 13 either 
directly from the reactor 12 or by way of the storage 
vessel 16. The generated stable oxidizing bromine 
compounds provide the cooling water system with a 
reasonable amount of total halogen residue (from 0.1 to 
0.7 ppm as available chlorine) which serves as a 
secondary biocide. If the continuous dosing of stable 
oxidizing bromine compounds is required, a second reactor 
16 can be used for ozonation while product from the first 
reactor is being injected into the water stream 13 
through the valve 18. 

The method of the present invention can be used to 
provide improved microbiofouling control in pulp and 
paper processing systems, food and beverage processing 
systems, recreational water systems and, the method of 
the present invention can be used as a method of 
disinfecting a hard surface. Food processing includes, 
but is not limited to, adding the present invention to an 
aqueous media used to transport, food through various 
processing steps and also disinfecting process equipment 
and waste water streams. 



wo 99/55627 PCTAJS99/08549 

12 

It should be understood that various changes and 
modifications to the presently preferred embodiments . 
described herein will be apparent to those skilled in the 
art. Such changes and modifications can be made without 
departing from the spirit and scope of the present 
invention and without diminishing its attendant 
advantages. It is therefore intended that such changes 
and modifications be covered by the appended claims. 
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1. A method of generating at least one stable 
oxidizing bromine compound, the method comprising the 
following steps: 

providing a solution comprising an alkali or 
alkaline earth metal bromide and a halogen stabilizer 
selected from the group consisting of R-NH2/ R-NH-R^, R- 
SO2-NH2/ R-SOj-NHrS R-CO-NH2, R-CO-NH-R^ arid R-CO-NH-CO-R^ 
wherein R is a hydroxy group, an alkyl group or an 
aromatic group and R^ is an alkyl group or an aromatic 
group, 

adjusting the solution to a pH ranging from about 4 
to about 8 , 

adding an oxidizer to the solution, 

2. The method of claim 1 wherein the oxidizer is 
selected from the group consisting of ozone, peracetlc 
acid, hydrogen peroxide and oxidizing bromine compounds . 

3. The method of claim 1 wherein the alkali or 
alkaline earth metal bromide is NaBr. 

4 . The method of claim 1 further comprising the 
following step prior to the step of adding an oxidizer: 

adjusting the solution to a temperature ranging from 
about O^C to about 60<»C. 

5. The method of claim 1 further comprising the 
following step after the step of adding an oxidizer: 

adjusting the pH of the solution to a range greater 
than 13. 

b . The method of claim 1 wherein the halogen 
stabilizer is sulfamate. 

7 . The method of claim" 1 wherein the step of 
adjusting the solution further includes adjusting the pH 
to a level of about 7 . 

8, A method of treating an industrial water system 
with stable oxidizing bromine . compounds , the method 
comprising the following steps: 
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in a vessel, providing a solution comprising an 
alkali or alkaline earth metal bromide and a halogen 
stabilizer selected from the group consisting of R-NHj, R- 
NH-R\ R-SO2-NH2, R-S02-NHr\ R-CO-NH2, R-CO-NH-R^ and R-CO- 
NH-CO-r' wherein R is a hydroxy group, an alkyl group or 
an aromatic group and R^ is an alkyl group or an aromatic , 
group , 

adjusting the solution to a pH ranging from about 4 
to about 8, 

injecting a gaseous oxidizer into the solution to 
produce stable oxidizing bromine compounds, 

adding the solution to the industrial water system. 

9. The method of claim 8 wherein the alkali or 
alkaline earth metal bromide is NaBr. 

10. The method of claim 8 wherein the halogen 
stabilizer is sulfamate. 

11. The method of claim 8 wherein the step of 
adjusting the pH comprises adjusting the pH to a level of 
about 7. 

12. The method of claim 8 further comprising the 
following step prior to the step of adding the gaseous 
oxidizer: 

adjusting a temperature of the solution to a range 
from about 0**C to about SO'^C. 

13. The method of claim 8 further comprising the 
step of adding gaseous oxidizer to the industrial water 
system upstream of a point where the stable oxidizing 
bromine compound is added to the system. 

14. The method of claim 8 further comprising the 
following step after the step of adding the gaseous 
oxidizer : 

increasing the pH of the solution to a level greater 
than 13. 

15. A method of treating an industrial water system 
with a primary biocide and a secondary biocide, the 
method comprising the following steps: 



wo 99/55627 



PCT/US99/08549 



15 

in a first vessel, providing a solution comprising 
an alkali or alkaline earth metal bromide and a halogen 
stabilizer selected from the group consisting of R-NHj, R- 
NH-R\ R-SO2-NH2, R-S02-NHR\ R-CO-NH2, R~CO-NH-R^ and R-CO- 
NH-CO-R^ wherein R is a hydroxy group, an alkyl group or 
an aromatic group and R^ is an alkyl group or an aromatic 
group, the solution further having a pH "ranging from 
about 4 to about 8, 

adding a gaseous oxidizer to the solution in the 
first vessel, at least some of the gaseous oxidizer 
reacting with the alkali or alkaline earth metal bromide 
and the halogen stabilizer to produce stable oxidizing 
bromine compounds and wherein at least some of the 
gaseous oxidizer not reacting with the alkali or alkaline 
earth metal bromide and halogen stabilizer to thereby 
provide a supply of unreacted gaseous oxidizer, 

adding the unreacted gaseous oxidizer to the 
industrial water system as the primary biocide, 

adding the stable oxidizing bromine compounds to the 
industrial water system as the secondary biocide. 

16. The method of claim 15 wherein the alkali or 
alkaline earth metal bromide is NaBr. 

17 . The method of claim 15 wherein the gaseous 
oxidizer is ozone. 

18. The method of claim 15 wherein the first vessel 
is maintained at a temperature ranging from about' 0*^0 to 
about 60®C. 

13. The method of claim 15 wherein the pK of the 
solution is maintained at a level of about 7. 

20. The method of claim 15 wherein the halogen 
stabilizer is sulfamate. 

21. The method of claim 15 further comprising the 
following steps after the step of adding the unreacted 
gaseous oxidizer and prior to the step of applying the 
generated stable oxidizing bromine solution to the 
industrial water system: 
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adjusting the solution to a pH of greater than 13. 

22. The method of claim 15 further comprising the 
following steps after the step of adding the unreacted 
gaseous oxidizer and prior to the step of applying the 
generated stable oxidizing bromine solution to the 
industrial water system: 

transferring the solution to a second vessel, 
increasing the pH of the solution to a level greater 
than 13 . 

23. A method of generating at least one stable 
oxidizing bromine compound, the method comprising the 
following steps: 

providing a solution comprising an alkali or 
alkaline earth metal bromide and a halogen stabilizer 
selected from the group consisting of at least one 
sulfamate and sulfonamide, 

adjusting the solution to a pH ranging from about 4 

to about 8, 

adding an oxidizer to the solution selected from the 
group consisting of ozone, hydrogen peroxide and 
peracetic acid, 

adjusting the pH of the solution to a range greater 

than 13. 

24. A stable oxidizing bromine compound which is 
prepared by the following steps: 

providing a solution comprising an alkali or 
alkaline earth metal bromide and a halogen stabilizer 
selected from the group consisting of R-NHj, R-NH-R , R- ^ 
R-SO^-NHrS R-CO-NH2, R-CO-NH-R^ and R-CO-NH-CO-R 
wherein R is a hydroxy group, an alkyl group or an 
aromatic group and r' is an alkyl group or an aromatic 
group, 

adjusting the solution to a pH ranging from about 4 

to about 8 , 

adding an oxidizer to the solution. 
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25. A method for the control of microbiof ouling in 
an industrial water system in which an oxidizing agent is 
added to control the microbiof ouling, the method 
comprising using as the oxidizing agent the stable 
oxidizing bromine compound of claim 24 . 

26. A method for the control of microbiof ouling in 
a pulp and paper processing system in which an oxidizing 
agent is added to control the microbiof ouling, the method 
comprising using as the oxidizing agent the stable 
oxidizing bromine compound of claim 24 . 

27. A method for the control of microbiof ouling in 
a food processing system in which an oxidizing agent is 
added to control the microbiof ouling, the method 
comprising using as the oxidizing agent the stable 
oxidizing bromine compound of claim 24 . 

28. A method for the control of microbiof ouling in 
a beverage processing system in which an oxidizing agent 
is added to control the microbiof ouling, the method 
comprising using as the oxidizing agent the stable 
oxidizing bromine compound of claim 24 . 

29. A method for the control of microbiof ouling in 
a recreational water system in which an oxidizing agent 
is added to control the microbiof ouling, the method 
comprising using as the oxidizing agent the stable 
oxidizing bromine compound of claim 24. 

30. A method of .disinfecting a hard surface in 
which an oxidizing agent is added to disinfect the hard 
surface, the method comprising using as the oxidizing 
agent the stable oxidizing bromine compound of claim 24. 
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